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ABSTRACT  
Fresh edible inner tender stem (matrix) and base of domesticated elephant grass shoot were evaluated for water-
soluble vitamins B1, B2, B3, B6 and vitamin C. The B-vitamins were determined using high performance liquid 
chromatographic (HPLC) technique, while vitamin C was evaluated using 2, 6 dichlorophenolindophenol (DCIP) 
titration method. The optimum blanching time of the matrix was also determined. Samples were water-blanched from 
0 to 16 min at intervals of 2 min. Optimum cooking time was determined to be the time at which vitamin C showed 
maximum retention after the intervals of blanching. Vitamins B1, B2, B3, B6 and C concentrations (mg/100 g fresh 
weight) in the samples were respectively 1.23 mg/100 g, 4.37 mg/100 g, 12.35 mg/100 g, 2.40 mg/100 g and 17.23 
mg/100 g in the matrix and 0.86 mg/100 g, 3.72 mg/100 g, 6.40 mg/100 g, 1.59 mg/100 g and 18.30 mg/100 g in the 
base. The amounts of the B-vitamins in 100 g portion of the samples adequately satisfy the RDAs for the respective  
B-vitamins for normal healthy adults. The matrix was significantly higher (p < 0.05) than the base in vitamins B1, 
B3 and B6. The matrix showed an optimum blanching time of 10 min. This was considered the optimum cooking time 
required to avoid significant loss of vitamin C and other heat-labile nutrients in elephant grass matrix. 
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Introduction  
Elephant grass (Pennisetum purpureum L. 
Schumach) commonly called ‘achara’ by the Igbo 
speaking people of South Eastern Nigeria, belongs 
to the poaceae family and is native to Tropical 
Africa (Okaraonye and Ikewuchi, 2009). It is a tall, 
perennial grass with a luxuriant and rapid growth 
rate and has high productivity, regeneration 
capacity, tolerance to adverse conditions and high 
adaptability, among other important agronomic 
characteristics (Anonymous, 2003). Elephant grass 
is generally used as forage, as ornamental plant 
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and for erosion control; however, it is edible and is 
enjoyed as food in some parts of Igbo land, where it 
has been a traditional relish from prehistoric times. 
The matrix of the shoot is widely consumed in soups 
among these Igbo communities. Elephant grass 
therefore has nutritional potential and is worthy of 
exploitation as a dietary resource, especially because 
of its remarkable agronomic characteristics. 
However, lack of adequate and reliable information 
on the nutrient composition of neglected crops has 
been considered one of the most important factors 
that have limited their use as dependable nutrient-rich 
food resources (Smith and Longvah, 2009). 
Vegetables are important sources of vitamins but the 
B-group of vitamins occur in low amounts in all 
vegetables – in amounts 
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that hardly meet the recommended dietary 
allowances (RDAs) (Claudia, 1992). Neglected and 
underutilized food crops have been the focus of 
research attention recently because they are believed 
to have potential to significantly reduce the 
prevalent nutritional problems (Flyman and 
Afolayan, 2006). It was therefore the aim of this 
study to evaluate and compare the water-soluble 
vitamins of the matrix and base of elephant grass 
shoot in order to determine their potential at meeting 
the RDAs for the evaluated vitamins, as well as 
provide data needed to promote their use as a rich 
dietary resource. Since several vegetables are usually 
cooked before consumption, the optimum cooking 
time for each vegetable is important to avoid 
significant losses in valuable nutrients.  
According to Ihekoronye and Ngoddy (1985), it is 
required that vegetables are cooked for a short time 
in order to avoid vitamin C loss as well as losses in 
textural quality and mineral components. Vitamin 
C is often used as a marker in studies involving 
blanching or heating and nutrient loss because of 
its high susceptibility to oxidation. This study 
therefore also assessed the optimum blanching/ 
cooking time of elephant grass matrix (which is the 
major part consumed) by determining vitamin C 
loss as a function of blanching time. 
 
Materials and Methods  
Fresh shoots of domesticated elephant grass were 
harvested from a farm in the University of Nigeria 
Nsukka Community and were authenticated at the 
University Herbarium. The fresh shoots were 
cleaned to remove inedible parts. Two anatomical 
parts of the shoot were used: the inner succulent 
tender stem or matrix and the base of matrix which 
was characterized by nodes and internodes. 
 
Determination of B-vitamins  
The vitamin B contents of the samples were 
determined by reverse-phase high-performance 
liquid chromatography technique using Agilent 
1100 according to the method described by 
Junaid et al. (2008). 
 
Standards preparation  
A 1 mg/ml (1000 µg/ml) standard stock solutions of 
vitamins B1, B2, B3, and B6 were prepared by 
dissolving 10 mg of each vitamin in a sample bottle 
with 10 ml distilled water. Mixed vitamins working 
standard was used in this assay and was prepared by 
pipetting 0.1, 0.2, 0.3, 0.4 and 0.5 ml, respectively of 
standard stock solution of each vitamin into a single 
sample bottle and making up to 5 ml with distilled 
water. These represent 20, 40, 60, 80 and 100 µg/ml 
mixed working standards. 
 
Sample preparation and extraction  
Ten gram (10 g) of each sample was weighed and 
homogenized with a laboratory mortar and pestle. 
The extraction solution was prepared by mixing 50 
ml of acetonitrile (ACN) with 10 ml of glacial acetic 
acid and the volume was made up to 1000 ml with 
distilled water. The homogenized test samples each 
was transferred into a conical flask and 25 ml of 
extractant added. The mixture was kept on a shaking 
water bath at 70
o
C for 40 min. Thereafter, the 
samples were cooled, doubly filtered using 
Whatman No. 1 filter paper and the volume 
made up to 50 ml with the extractant. 
 
Buffer preparation: 1.08 g of hexane-1-sulphonic 
acid Na salt and 1.36 g of potassium dihydrogen 
phosphate (KH2PO4) were dissolved in 940 ml 
HPLC water, 5 ml of triethylamine (TEA) was 
added to the solution and the pH adjusted to 3.0 
with orthophosphoric acid (H2PO4). 
 
Analysis: The Agilent 1100 HPLC system was equipped 
with degasser, quaternary pump, autosampler, UV 
detector and a Zorbax SB C8 column (4.6 x 75 mm, 3.5 
µm) in an isocratic elution mode and at a constant 
flow rate of 1 ml/min. The mobile phase which was 
properly filtered with Whatman No. 1 filter paper 
before use consisted of a mixture of buffer (hexane-
1-sulphonic acid Na salt + KH2PO4 + HPLC water + 5 
ml TEA, pH 3.0 with H2PO4) and methanol in the ratio 
of 80:20. Chromatogram of mixed standard vitamins 
was obtained by running different concentrations 
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(20 – 100 µg/ml) of the mixed standards. The 
chromatograms of the samples were also obtained. 
Detection of peaks was at a wavelength of 265 nm. 
Stable operating liquid chromatography (LC) 
conditions were established before HPLC analysis 
by equilibrating for 30 min with mobile phase (ca 
1 ml/min). A standard blank was injected into the 
column before analysis to confirm absence of 
chromatographic activity at retention time for the 
vitamins. 
 
The individual vitamin peaks in the samples were 
identified by comparison of retention times 
with that of the standards. The concentration of the 
vitamins in mg/100 g edible fresh weight of 
sample was calculated using the formula: 
 
Vitamin concentration (mg/100g) = (A′/A) × 
(C/1000) × (V/W) × 100 
 
Where A′ = peak area of vitamin in test extract; A = 
peak area of vitamin in standard; C = concentration 
of standard (µg/ml); V = volume of solvent used for 
extraction (ml); W = wt of test portion (g). 
 
L-ascorbic acid (AA) determination  
Ascorbic acid content of the samples was 
determined using 2, 6-dichlorophenolindophenol 
(DCIP) dye-titrimetric method of AOAC (2010). 
 
Extraction solution: Fifteen gram (15 g) of 
trichloroacetic acid was dissolved in 40 ml acetic 
acid and 200 ml distilled water. It was diluted to 
500 ml with distilled water and filtered. 
 
Ascorbic acid standard solution: 0.05 g of standard 
ascorbic acid was dissolved in 60 ml of the extractant 
and made up to 250 ml with distilled water. 
 
DCIP standard solution: A 0.05 g weight of 2, 
6-dichlorophenolindophenol (sodium salt) was 
weighed into a beaker and an equal amount of 
sodium bicarbonate (Na2CO3) was added to 
facilitate stability of the dye solution. The 
mixture was dissolved in 100 ml of distilled 
water and filtered. 
 
The 2, 6-dichlorophenolindophenol was 
thereafter standardized by titrating against 10 ml 
of ascorbic acid stock solution until a faint pink 
color was obtained. The amount (mg) of 
ascorbic acid equivalent to 1 ml of dye solution 
was then calculated. 
 
Sample preparation  
Five gram (5 g) each of fresh chopped samples 
was homogenized with 60 ml of the extractant 
using a mortar and pestle. The mixture was 
filtered into a 250 ml volumetric flask and 
made up to mark with distilled water. A 10 ml 
volume of the resulting solution was pipetted 
into a conical flask and titrated against the 
standard indophenol solution and the titre value 
recorded. This was done three times for each of the 
triplicate samples. Ascorbic acid was calculated as: 
 
Ascorbic acid (mg)/100 g sample = C x V x 
(DF/W) x 100 
 
Where C = mg ascorbic acid/ ml dye; V = volume 
of dye used for titration of 1 ml of diluted sample; 
DF = Dilution factor and W = weight of sample  
(g). 
 
Optimum blanching time determination  
Ascorbic acid was measured in raw and blanched 
samples following the Canada Department of  
Agriculture modification of the spectrophotometric 
method for determining vitamin C (Pearson, 1970). 
 
Stock ascorbic acid solution: A 20 mg/100 ml 
stock ascorbic acid solution was prepared by 
dissolving 20 mg ascorbic acid in 100 ml 0.4% 
oxalic acid solution. 
 
Working standard solution: This was prepared by 
taking 0.1, 0.2, 0.3… 0.9 and 1 ml of stock ascorbic 
acid solution and making up each to 1 ml with 0.4% 
oxalic acid solution. These solutions numbered 1 to 
10 (in test tubes) contain 2, 4, 6, 8… 18 and 20 mg 
ascorbic acid per 100 ml, respectively. 
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A 0.0012% standard dye solution was prepared by 
dissolving 12 mg of 2, 6 dichlorophenolindophenol 
in 1000 ml of distilled water. 
 
Standard curve: The absorbance of the working 
standard solutions was taken at 520 nm and used 
to construct a standard curve. 
 
Sample preparation: Ten gram (10 g) each of raw and 
samples blanched for 2, 4, 6… 16 min was macerated 
with 70 ml of the 0.4% oxalic acid solution using a 
mortar and pestle and filtered. A 1 ml of the filtrate 
was taken with 9 ml of the standard dye solution into 
a test tube and reading taken after 15 sec. The 
concentration of ascorbic acid in the samples was 
calculated from the standard curve. 
 
Data analysis  
Experiment was laid out in a completely randomized 
experimental design (CRD). Analysis of variance was 
done using SPSS 16.0 version software. Results were 
presented as mean ± standard deviation and  
LSD was used for mean separation. Significant 
difference in sample means was accepted at p <  
0.05. Graphical representations of data was done 
using line graph. 
 
Results and Discussion 
Riboflavin (vitamin B2) content  
The fresh samples contained a mean riboflavin 
content of 4.37 ± 0.44 and 3.72 ± 0.05 mg/100 g in 
the matrix and base, respectively (Table 1). The 
riboflavin content of the samples was similar to 
that found in brewer’s yeast (4.28 mg/100 g) and calf 
liver (2.72 mg/100 g), which are considered rich 
sources of the vitamin (Anonymous, 2011). 
The level of riboflavin in the samples was higher 
than that reported for many vegetables including 
onion, cabbage, carrot, cauliflower, cucumber,  
Chilli pepper and spinach, where it occurs in trace 
amounts (trace-0.09 mg/100 g) (USDA Nutrient 
Database, 2000). The RDA requirement for 
vitamin B2 is 1.2 mg average for normal healthy 
men and women (Institute of Medicine, 1998). 
 
A 100 g portion of fresh elephant grass samples will 
meet over 200% of this requirement; they are thus 
exceptionally rich plant sources of riboflavin. 
Although the RDA for riboflavin for adults is  
1.3 mg/day for men and 1.1 mg/day for women, 
the median intake of riboflavin from food in the  
United States was estimated to be approximately 2 
mg/day for men and 1.5 mg/day for women and 
the ninety-fifth percentile of U.S. intake from 
both food and supplements ranged from 4 to 10 
mg/day. There has been no evidence of adverse 
effects for consuming more than the RDA in these 
populations (Institute of Medicine, 1998). 
 
Nicotinamide (vitamin B3) content  
Vitamin B3 concentration in the matrix of fresh 
elephant grass shoot was 12.35 ± 0.86 mg/100 g and 
it differed significantly (p < 0.05) from the 
concentration in the base (6.40 ± 1.47 mg/100 g) 
(Table 1). The observed difference may be attributed 
to differences in maturity of samples used, which 
according to Claudia (1992), is among the factors that 
affect nutrient variability of fresh vegetables. The 
RDA for vitamin B3 for normal healthy adult is 15 
mg/day (Institute of Medicine, 1998). A 100 g 
portion each of fresh elephant grass matrix and base 
will provide an average of 82% and 43%, 
respectively of the RDA requirement for vitamin B3 
for adults; the samples are therefore important 
vegetable source of vitamin B3. Important sources of 
vitamin B3 include brewer’s yeast (37.9 mg/100 g), 
peanut (17 mg/100 g average), whole wheat grain 
(4.4 mg/100 g), raw and parboiled rice (4.2 and 3.6 
mg/100 g, respectively) (USDA Nutrient Database, 
2000; Anonymous, 2011). Vegetables generally 
contain low amounts of vitamin B3, in the range of 
0.19 – 0.97 in cabbage, carrot, cauliflower, 
cucumber, spinach and tomatoes (USDA Nutrient 
Database, 2000). Nicotinamide is important in DNA 
repair, Ca metabolism, intracellular respiration, and 
biosynthesis of fatty acid and steroids (Institute of 
Medicine, 1998). Regular consumption of 
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elephant grass would supply adequate nicotinamide 
necessary to maintain healthy body functions. 
 
Pyridoxine (vitamin B6) content  
Vitamin B6 occurred in a significantly higher (p <  
0.05) level in the matrix (2.40±0.11 mg/100 g) than 
in the base (1.59±0.06 mg/100 g) (Table 1). This 
difference may also be attributed to differences in 
maturity of samples used or to the genetic make-up of 
the matrix and base. Genetic potential was in addition 
to age of plants and other factors, found to influence 
nutrient variability of fresh vegetables  
(Claudia, 1992). The level of vitamin B6 in elephant 
grass shoot compares well to that reported for brewer’s 
yeast (2.5 mg/100 g) and higher than the value reported 
for several vegetables like kale, spinach, Brussels 
sprouts, peppers and cauliflower  
(0.21-0.30 mg/100 g) (USDA Nutrient Database, 
2000; Anonymous, 2011). Institute of Medicine 
(1998) recommended an RDA for pyridoxine of 
1.3 mg/day for young adult, 1.7 and 1.5 mg/day 
for men and women, respectively 51 – 70 years 
and above 70 years, 2 mg/day for pregnant and 
lactating mothers and 100 mg/day for adult 
tolerable upper intake levels (ULs). Based on the 
recommendations and the level of vitamin B6 in 
100 g of samples, elephant grass can be 
considered an excellent source of vitamin B6. 
 
Thiamin (vitamin B1) content  
The thiamin content of the samples was found to be 
1.23±0.05 mg/100 g in the matrix which differed 
significantly (p < 0.05) from that in the base 
(0.86±0.09 mg/100 g) (Table 1). This difference may 
as well be attributed to differences in maturity of 
samples used or to the genetic differences of the parts 
and consequently their ease of accumulation of 
vitamins. The level of thiamin in 100 g of samples 
will adequately satisfy the RDA for thiamin which is 
1.2 and 1.1 mg/day for normal healthy adult male and 
female, respectively, and 1.4 mg/ day for pregnant 
and lactating mothers (Institute 
 
of Medicine, 1998). Thiamine has been shown to 
occur in trace amount (≤0.10 mg/100 g) in onion, 
cucumber, cabbage, cauliflower, spinach, 
tomatoes, pepper and carrots; between 0.22 and 
0.55 mg/100 g in beet and mustard greens, red Chilli 
pepper, garlic, collards and mushroom; 0.55 mg/100g 
in whole wheat grain; an average of 1 mg/100g in 
peanuts; and 15.61 mg/100 g in brewer’s yeast 
(USDA Nutrient Database, 2000; Anonymous, 2011). 
Thiamin is essential for energy production, 
carbohydrate metabolism and nerve cell function  
(Anonymous, 2011). Severe thiamin 
deficiency results in “beriberi”, the symptoms 
include mental confusion, muscle weakness, 
muscle wasting (dry beriberi), fluid retention 
(wet beriberi), high blood pressure, difficulty in 
walking, cardiovascular effects such as enlarged 
heart, and sudden cardiac failure in infants 
(Institute of Medicine, 1998; Anonymous, 2011). 
 
L-ascorbic acid (AA) content  
Vitamin C occurred at the levels of 17.23 mg/100 g 
in the matrix and 18.30 mg/100 g in the base of the 
samples of elephant grass shoot (Table 1). These 
values were within the range of vitamin C values of 
9.3 mg/100 g in Talinum triangulare (waterleaf) to 
62.5 mg/100 g in Telfaria occidetalis (‘ugu’) using 
the DCIP method (Babalola et al., 2010); 9.65 
mg/100 g in cabbage cultivars to 52.9 mg/100 g in 
broccoli accessions using the HPLC method (Singh et 
al., 2007). The values were relatively on the high side 
of the range of vitamin C values of 0.9 mg/100 g in 
lettuce to 54.5 mg/100 g in cauliflower (Tee et 
al., 1988) using the DCIP-dye titration method and 
that (<1 – 20 mg/100 g) reported in a number of 
common fresh vegetables including leaves, fruits, 
bulbs and roots among others (Szeto et al., 2002). 
Fresh edible portions of elephant grass shoot may 
therefore be considered good sources of vitamin C. 
The relatively low levels observed compared to 
higher values reported for some other vegetables may 
be due to such factors as the maturity stage of 
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the samples used and season of harvest, oxidation of 
some of the ascorbic acid during sample extraction and 
the DCIP titration method itself used. Factors such as 
pre-harvest climatic conditions and maturity at harvest 
have been found to influence the vitamin 
 
C content of fruits and vegetables (Lee and Kader, 
2000; Claudia, 1992). Young, tender, growing leaves 
were found to contain more vitamin C than matured 
ones (Lee and Kader, 2000; Claudia, 1992). The 
samples for the vitamin C analysis were collected at 
the end of March 2012 when rain was still scanty 
and consisted largely of mature fibrous shoots 
from previous season than freshly budding tender 
shoots. Therefore, pre-climatic conditions and, more 
especially, age of samples harvested may have 
affected the vitamin C levels in the present study. 
Furthermore, L-ascorbic acid (AA) is highly 
susceptible to oxidation and is easily oxidized to 
dehydroascorbic acid (DHAA), especially in aqueous 
solutions. This oxidation is shown to be greatly 
favoured by the presence of oxygen, metal ions 
especially Cu and Fe, by alkaline pH and high 
temperature (Lee and Kader, 2000). According to 
Reiss (1993), many plant tissues contain the enzyme 
ascorbic acid oxidase, which catalyzes the oxidation 
of AA to DHAA which is not measured by several 
methods of vitamin C determination including the 
DCIP method. It is possible that some of the AA in 
the samples was lost to oxidation during extraction or 
to incomplete grinding as was also noted by Reiss 
(1993). These could have resulted to underestimation 
and consequently lower levels of vitamin C in the 
samples. 
 
Generally, elephant grass edible portions may be 
considered as capable of accumulating high levels of 
AA given the good amount found, irrespective of the 
factors that could have resulted in significant loss 
of some of the AA. Its daily intake will thus 
 
help to ensure that the present high recommended 
levels of 100 – 200 mg/day vitamin C due to 
modern life stress (Lee and Kader, 2000) is met. 
 
Optimum blanching/cooking time of 
elephant grass matrix  
The optimum blanching time of elephant grass matrix 
is shown in Fig. 1. An important observation in Fig. 1 
is a sharp drop in the blanching curve beyond 10 min 
blanching time with over half (56.58%) of the 
ascorbic acid lost; before this period, the vitamin C 
content was fairly constant. It even seemed from Fig. 
1 that cooking to an extent enhanced vitamin C 
content of elephant grass matrix as vitamin C 
appeared to have increased with blanching period, the 
maximum level occurring at the 10 min blanching 
time.  
The findings of this work therefore showed the 
optimum blanching time of elephant grass matrix 
as 10 min. This was considered the cooking time 
appropriate to avoid loss of vitamin C and other 
heat-labile nutrients in elephant grass matrix. This 
finding supports the traditional cooking time 
for the matrix of about 10 – 20 min. Blanching 
(cooking) can result in loss of valuable nutrients 
especially vitamin C, usually used as a marker in 
studies associated with blanching/cooking and 
nutrient loss because of its high susceptibility to 
oxidation. Several vegetables are usually cooked 
before consumption and it is required that they are 
cooked for a short time in order to avoid vitamin C 
loss as well as losses in textural quality and 
mineral components (Ihekoronye and Ngoddy, 
1985). Since vegetables vary in their optimum 
cooking time, the information provided here is 
important and should be exploited at homes in 
preparing elephant grass matrix (which is the 
major part consumed) in order to substantially 
harness its nutritional and health benefits. 
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Fig. 1: Optimum blanching time as a function of ascorbic acid degradation in edible matrix of 
fresh elephant grass shoots 
 
Table 1:  Mean concentration of water-soluble vitamins in fresh elephant grass edible shoot 
 
 Mean concentrations of vitamins (mg/100 g Fresh weight)   
Sample Vitamin B1 Vitamin B2 Vitamin B3 Vitamin B6 Vitamin C 
Matrix 1.23 ± 0.05
a 
4.37 ± 0.44
a 
12.35 ± 0.86
a 
2.40 ± 0.11
a 
17.23 ± 1.29
a 
 4.16  10.02 6.93 4.55  7.49 
Base 0.86 ± 0.09
b 
3.72 ± 0.05
a 
6.40 ± 1.47
b 
1.59 ± 0.06
b 
18.30 ± 1.04
a 
 10.74 1.45 22.90 3.72  5.68 
        
 
Values are means of triplicate determinations ±SD; Means with different superscript in a column are 
significantly different (p < 0.05); Italicized values are coefficient of variation (CV %). 
 
 
Conclusion  
The edible portions of elephant grass are rich 
sources of vitamins, especially the B-group of 
vitamins, which were reported to occur in low 
amounts in all vegetables. The matrix like several 
other vegetables is easy to cook with an optimum 
cooking time of 10 min. This is considered the 
maximum time the matrix can be cooked without 
loss of vitamin C and other heat-labile nutrients.  
The findings in this work showed that elephant 
 
 
grass is a unique plant that can contribute immensely 
to nutrition; food security; and health and 
therapeutic benefits. Regular use of elephant 
edible portions is therefore recommended in order to 
fully harness its nutritional and health benefits. 
The unique crunchy feature of elephant grass 
matrix makes it suitable for any soup, unlike 
several other vegetables, especially leafy 
vegetables, with limited soup application. 
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